Purpose: To determine whether mode of delivery has any impact on astigmatism.
Introduction
Astigmatism is an optical defect caused by unequal curvatures of ocular refractive surfaces, which leads to blurred visual input. The prevalence of astigmatism varies with age of population, racial variation, definition of astigmatism and methodology of study. It has been reported that the prevalence of astigmatism (≥1.50 D) is 8.29% in Asian children (Wen et al. 2013) . Uncorrected astigmatism degrades visual quality and hinders visual development of children. First, it is well known that high levels of astigmatism or aniso-astigmatism are associated with increased risk of refractive amblyopia (Chia et al. 2013; Pascual et al. 2014) . Second, previous studies have shown that uncorrected astigmatism can promote myopic development (Borchert et al. 2011; Twelker et al. 2013 ). Management of this common visual disorder brings about ophthalmic workload and places a burden on the patient's family. Evaluation of manageable biological or environmental risk factors for astigmatism could have even greater impact on normal visual development.
An increasing body of evidence indicates that prenatal factors may programme childhood astigmatism. Some studies addressed associations between birthweight, maternal age, or both and refractive error (Saw et al. 2004; Lin et al. 2015) . Only a limited amount of evidence has suggested that mode of delivery may affect astigmatism in children. To our knowledge, only one study showed any positive association between mode of delivery and axis of astigmatism (Isenberg et al. 2004) . Studies revealed that babies born by CS had less with-the-rule corneal astigmatism (72%) than those born by VD (83%), but no difference was detected with respect to the degree of astigmatism. To further assess the role of mode of delivery in the development of astigmatism during childhood, we examined the associations between various delivery ways and astigmatism within the large population of preschool children.
Patients and Methods
This study was designed as a casecontrol investigation. The subjects recruited were preschool children who received vision care at the Department of Pediatric Ophthalmology, West China Hospital, Sichuan University, China, between June 2015 and December 2015. West China Hospital is the largest health centre in southwestern China. This study was performed in accordance with the guidelines of the Declaration of Helsinki. The local Medical Ethics Committee gave approval and at least one parent per child provided informed consent for the study.
The sole inclusion criterion was age ≤6 years. The exclusion criteria were (i) the presence of organic ocular diseases; (ii) history of ocular surgery, trauma or both; (iii) systemic condition affecting ocular tissues.
Detailed self-administered questionnaires were distributed to parents to collect information on demographic characteristics, general health and medical history as relevant to the pregnancy, such as mode of delivery, maternal age, gestational age and the infant's birthweight. Retinoscopy was carried out after adequate cycloplegia by two experienced optometrists who were not privy to any of the information obtained from questionnaires. Any astigmatism more than 2.5 dioptres in the right eye was considered severe astigmatism.
Two models were used here. In both, the type of delivery was considered exposure, and astigmatism was considered outcome. The first model compared CS to VD; the second model compared elective CS and emergency CS to VD.
The Shapiro-Wilk test was used to test for normality. The association between mode of delivery and astigmatism was tested using Wilcoxon rank sum test. Pearson chi-square was used to assess distribution of high astigmatism (≥2.50 D) in different modes of delivery and to calculate crude OR. The ORs and 95% CIs were computed to evaluate the associations between mode of delivery and astigmatism from logistic regression models in SPSS version 21. The analyses were adjusted for the following: birthweight (<2.5 kg, ≥2.5 kg), sex (male, female), age of children (<3 years, ≥3 years), maternal age (<35 years, ≥35 years) and breastfeeding (yes, no). P-values <0.05 were considered statistically significant.
Results
Here, 821 preschool children were recruited initially, and 659 children were finally included after restricting the sample with exclusion criteria. Of the 659 children studied (318 girls [48.25%], 341 boys [51.75%]), the mean age was 4.37 years (range, 0-6 years). Caesarean section (CS) and VD rates were 66.76% (440 of 659 mothers) and 33.24% (219 of 659 mothers), respectively. Among CS group, elective CS was the most prevalent (319 of 440 mothers). The median degrees of astigmatism were 1.00 D (interquartile range IQR, 1.25) and 1.00 D (IQR, 1.5) in the group of CS and VD, respectively.
The astigmatisms of children born by CS were significantly different from those born by VD (p = 0.0036, Wilcoxon rank sum test). The results of chi-square test showed the distribution of high astigmatism (≥2.50 D) was significantly different in groups of CS and VD (p = 0.0068, chi-square test). Children delivered through CS had an 85.28% increased risk of severe astigmatism (≥2.50 D) compared to those delivered by VD (crude OR = 1.8528, 95% CI, 1.1801 to 2.9090, chi-square test). Adjustment for variables from logistic regression models slightly weakened the associations between mode of delivery and severe astigmatism (≥2.50 D) (crude OR, 1.8528 vs adjusted OR, 1.779) but still remained highly significant (Table 1) .
Children born by elective CS had a 97.9% increased risk of severe astigmatism (crude OR = 1.979; 95% CI, 1.238 to 3.164, chi-square test), while those born by emergency CS did not exhibit differences with VD (p = 0.157). After adjustment for cofounders, children born by elective CS had an 87.3% increased risk of severe astigmatism (≥2.50 D) (adjusted OR = 1.873; 95% CI, 1.157-3.023) ( Table 2) .
The children whose mothers had breastfed them had a 44.6% lower risk of severe astigmatism than children who were not breastfed (adjusted OR = 0.554, 95% CI, 0.335-0.914). It should be noted that 33 pieces of data about breastfeeding were missing.
Discussion
Factors such as ethnicity, genetics, eyelid pressure and diseases such as nystagmus have been documented to be associated with astigmatism in many studies (Fresina et al. 2013; Ying et al. 2014) , and little has been reported about manageable risk factors. Previous works have shown that children whose mothers have histories of smoking during gestation had a 46% increased risk of astigmatism over children whose mothers did not smoke, even after adjusting for other variables in a population-based study (McKean-Cowdin et al. 2011) . In a Sydney myopia study, Huynh et al. (2006) found breastfeeding has a protective effect on anisoastigmatism after adjustment (≥0.5 D). Babies with the lowest birthweights were found to have a predisposition to the highest keratometry measurements (Friling et al. 2004 ). In the present study, results showed mode of delivery was associated with childhood astigmatism, and children born by elective CS had an 87.3% increased risk for severe astigmatism (≥2.5 D) than those whose mothers had a vaginal birth. Moreover, breastfeeding had a visibly protective effect against severe astigmatism. Although the causal pathways by which CS may shape astigmatism remain poorly understood, and some biologically plausible mechanisms have been proposed. First, differences in pressure compressing on the eyes of neonates between children born via VD and those born by CS may be important. During the physical process of delivery, children born by CS were more inclined to suffer null stress or reduced stress from uterus contractions than children born by VD. Second, children born by CS have tended to undergo shorter compression from the birth canal, especially in the setting of elective CS. The lower pressure from uterus and birth canal is hypothesized to have potential to change corneal keratometry. Considering this hypothesis, the association between mode of delivery and astigmatism would be expected to be stronger among those delivered by elective CS. Isenberg and his colleagues also explored association between mode of delivery and astigmatism in 2004, which suggested that mode of delivery could act on astigmatic axis but the effect was not present anymore at 3 months (Isenberg et al. 2004) .
Third, different levels of exposure from hormonal milieu of labour may play a role in the outcome. Sex steroid hormone receptors were found to be plentiful in ocular tissues including those of the cornea, crystalline lens and retina (Wickham et al. 2000; Gupta et al. 2005) . Previous studies dealt with changes in corneal parameters or refractive values during pregnancy and the menstrual cycle (Cavdar et al. 2014; Gatzioufas et al. 2015) . Here, physiological changes in the cornea and lens were found to follow hormone fluctuations. For this reason, it is here hypothesized that the eyes of neonates born by CS and VD might exposed to different levels of hormones during delivery and take in different hormone-dependent signals that affect the growth of the eyes in the later life through the sex steroid hormone receptor pathway.
The women who required CS had more lactation problems and breastfed for shorter periods than those who were delivered vaginally (Leung et al. 2002; Carlander et al. 2010) , although some studies have failed to verify this (Kohlhuber et al. 2008; Hauck et al. 2011) . Elective CD was found to be associated with lower rates of breastfeeding as indicated by subgroup analyses of differential effects of emergency and elective CD in a worldwide metaanalysis (Prior et al. 2012) . In this way, children delivered by CS did not receive as much early support in the form of breastmilk. Breastfeeding was found to have a protective effect on myopia, and the risk of myopia was 42% lower than that of individuals who had been fed formula as infants (Chong et al. 2005) . Consistent with this, Aksoy et al. (2014) have shown that refractive errors in the breastfeeding and mixed feeding groups were less frequent than in the non-breastfeeding group. Some studies have reported that lack of breastfeeding increases the risks of lower-grade stereopsis and squinting (Williams et al. 2001; Robaei et al. 2006) . Some reports have suggested breastfeeding in early life is unrelated to visual development (Rudnicka et al. 2008) . Human milk contains many micronutrients, such as long-chain polyunsaturated fatty acids, which benefit photoreceptor function in early life (Chong et al. 2005; Rudnicka et al. 2008) . Taken together, human feedings may optimize visual development in infants and children. Early absence of breastmilk for children born by CS may be associated with occurrence of severe astigmatism (≥2.5 D).
To the best of our knowledge, only one study has reported the effect of mode of delivery on astigmatism. The findings of the current work contradict those of previous works. Earlier studies have shown no connection between mode of delivery and degree of corneal astigmatism. Isenberg and colleagues observed that neonates born vaginally had a degree of astigmatism similar to that of children born by CS, although the axis of corneal astigmatism did show any difference (Isenberg et al. 2004) . The discrepancy between previous and current findings could be due to the following reasons. Isenberg et al. considered corneal astigmatism as an outcome. In the current study, the total astigmatism of the eye was measured. There are two aspects to astigmatism, corneal, which is the predominant aspect, and internal (Howland & Sayles 1985) . Another possible explanation for this discrepancy involved the increased rate of CS, including the growing rate of CS upon maternal request but without medical indications (Lumbiganon et al. 2010; Wiklund et al. 2012 ). In the current study, the overall rate of CS was found to reach 66.76%, and elective CS was the most prevalent type (72.5%), more common than emergency CS. With elective CS, the operation is scheduled ahead of time regardless of whether there are any medical indications. Emergency CS is defined as immediate intervention after attempted VD (Lucas et al. 2000) . For different intervention times, the eyes of children during elective and emergency CS may be exposed to different types of contractions and compression from the uterine wall and birth canal, which might have different effects on corneal curvatures. In this way, different modes of delivery may lead to different types of astigmatism. The previous study, reported by Isenberg et al., was unable to assess differences between elective and emergency CS.
It is worth mentioning that the rate of CS has increased worldwide in recent years. According to a WHO global survey in 2008, China had the highest rate of CS of any country (46.2%), and its rate of CS without medical or obstetrical conditions was also the highest in Asia, approaching 11.7%. In this study, elective CS was found to increase the risk of severe astigmatism (≥2.5 D). Although several indications for elective CS, such as breech delivery, could not be avoided, CS upon maternal request, which accounts for an important portion of overall elective CS, is also relatively common. This study offers a fresh and significant perspective on the aetiology of astigmatism. Nevertheless, certain limitations of the study should be acknowledged in interpreting the results. No other possible risk factors, such as genetic background, gestational weeks and diseases during pregnancy, were considered here. Another consideration is the study population recruited from hospital was not representative of southwestern China overall. Moreover, the socio-economical characteristics of the study population were not evaluated, which may lead to selection bias. Finally, corneal astigmatism was not included here, although it would be interesting to do so. The current data were not sufficient to evaluate these factors. Hence, population-based prospective studies with wider sample sizes and more detailed information need to be conducted.
In conclusion, the current findings suggest mode of delivery may influence astigmatism in childhood. Caesarean section (CS), especially elective CS, was here shown to be a risk factor for severe astigmatism (≥2.5 D). These outcomes merit further research. Although it is difficult to identify mechanisms of connection between mode of delivery and severe astigmatism, they highlight collaborative care between optometrists and prenatal care providers.
